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ABSTRACT 

A three-column ion exchange test program on Vitro leach liquors 
was run to compare the performance of IRA-^O and XE-75 resins with 
respect to loading, elution, and poisoning characteristics. When a high 
molybdenum liquor was used as feed to the columns, molybdenum poisoning 
was shown to occur with both IRA-^OO and XE-75 resins; however, this 
poisoning action was much less rapid and less extensive in the case of 
XE-75. In this respect the XE-75 was found to be similar to Permutit SE. 
The :use of a six percent caustic regenerant completely restored the ion 
exchange properties of the poisoned XE-75 resin. 

A cyclic resin-in-pulp process for recovery of uranium from 
Vitro leach liquors and pulps was studied. The Winchester cell was 
employed for this investigation in conjunction with XE-123 resin — a 
plust 20 mesh resin with the exchange characteristics of XE-75. 
Performance data, including the effects of molybdenum poisoning, indicate 
that a 12 cell string may be used effectively with seven cells on 
exhaustion and five on elution. 
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TOPICAL EBPORT ACGOA6 

Recovery of tfraniaro fro» Vitro Leach Liquors by Ion Exchange 

Part II 

Cyclic Column Tests Comparing IRA-400 and XB-75 Resins 
and Cyclic Testing of a Resin-in-Pulp System  

I. INTRODUCTION 

During the latter part of 1952, samples of then current Vitro 
leach liquor were received at the Winchester Laboratory for testing in 
an ion-exchaage system» A cyclic three-column ioa-exchaage test program 
was completed and the results reported in American Cyaaaaid Report ACCO-35c 
For this work a strong base, low cross-linked anion exchange resin, 
Permutit SE, was used» The results indicated that this liquor could be 
treated successfully in a column ion exchange system» The presence of 
molybdenum in these liquors caused a continuing decrease in the uranium 
capacity of the resin» 

At this time the Winchester Laboratory was developing aresin-in- 
pulp ion exchange system which would treat a desanded leached pulp rather 
than a clarified leach liquor» The ion exchange resin was to be separated 
from the deeaaded ;pulp by means of a screening device» One such device, 
a rectangular vertieal screen unit known as the Winchester cell, was 
developed for this purpose, and a test program was established to evaluate 
this type of cell in a continuous, cyclic resin-in-»pulp system» 

The volume of leach pulp required to run a continuous resin-in- 
pulp process could not be made conveniently in the laboratory» Since the 
ion exchange characteristics of Vitro leach liquor were known, it was 
decided, with the cooperation of the Vitro uranium Company, to use samples 
of Vitro pulp from the slime zone of the second dewatering thickener as 
a desanded feed for the resin-in-pulp system» These were to be shipped 
to Winchester at regular intervals» 

During the summer of 1953, a small-scale program of column ion 
exchange testing was set up at the Vitro plant in Salt Lake City. The 
Winchester Laboratory was kept informed of the progress of the Vitro 
program by telephoned reports from the New York office of the company» 
It appeared that at Salt Lake they were unable to duplicate the results 
reported in ACCO-35, and poisoning of the resin was occurring much more 
rapidly than would have been predicted on the basis of that report» • 
IRA-1*00 resin was being used in place of Permutit SE which was no longer 
available» 
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An ion exchange testing program was set up at Winchester from 
July through December 1953, on Vitro pulps and leach liquors» Cyclic 
column tests were run to cheek the ion exchange characteristics of the 
present leach liquor with that liquor produced a year ago» Also^, since 
the resin used previously was no longer available commercially, 
comparisons were rim between IRA-400 and XE-75 resins» 

Cyclic bench scale testing of a continuous resin-in-pulp system 
using the Winchester cell with XE-123 resin was completed. 
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II o SIMMRY  AND CONCLUSIONS 

A three-column ion exchange system was run using Vitro leach liquor< 
Two resins, ISA-ioO and XE-75, were compared. With a low molybdenum leach 
liquor, a uranium bo molybdenum weight ratio of 500si, and XRA-^OO resin, 
a loading of 59 g UoOg/L WSR was obtained, There was no evidence of a de- 
crease in loading over a period of 10 resin cycles„ 

Test work on a high molybdenum leach liquor, with a uranium to 
molybdenum weight ratio of 6,6;1, showed a drop in uranium loading from 
5^3 to 15c6 g UOOQ/L of wet settled resin (IRA-400) in four cycles. 
After a caustic regeneration the uranium loading was increased to k$  g 
U3O8/L WSR, 

A leach liquor with a uranium to molybdenum ratio of about 1^:1 
was tested on XE-75 resin. It was found that the initial uranium loading 
was about 30 g U3O8/L WRS; this decreased very gradually with the number 
of cycles of operation. In one ease the loading dropped to 2,6  g/L in 13 
cycles, and in another case there was no drop in 20 cycles, A caustic 
regeneration will completely restore the uranium capacity of the resin. 

When a 0,1 N N%C1 J? 0,1 N HC1 solution was used fresh each 
cycle for elution, complete elution~could be obtained at a nine minute 
retention time with five column volumes on XE-75 resin and 10 column 
volumes on IRA-^00 resin. There is some evidence of an increase in the 
volume required with IRA-^WDO as the resin becomes poisoned. 

Precipitate grades of 75 to 80 percent U^Og were obtained from 
all Vitro liquors with either resin. The precipitation methods, producing 
products in order of decreasing filterability, are hot ammonia, hot 
magnesia, cold magnesia, and cold ammonia. 

It was shown that substantial amounts of molybdenum could be 
removed from the Vitro leach liquors prior to ion exchange by means of 
a charcoal column or sulfide precipitation. The effect of the reduction 
of the molybdenum content of these liquors on their ion exchange 
properties is yet to be determined, 

A continuous resin-in pulp system was run using the Winchester 
cell and Rohm & Haas XE-123 resin. Batch loading tests with Vitro liquor 
indicated that the saturation loading varied from 33 g/L at pH 1,15 to 
58 g/L WSR at pH 2,38, 

When an artificial solution was run in the resin-in-pulp system, 
it was found that with seven cells in series, a solution to resin ratio 
of 5:1 in the cell, and a solution flow rate equivalent to a 10 minute 
residence time per cell, an average loading of W,5 g/L was obtained with 
an average uranium adsorption of 99ok percent. With Vitro pulp it was 
found that the residence time had to be increased to 12,5 minutes; an 
average loading of 30 g U^OQ/L was obtained. 
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Continuous elution -was carried, out in the resin-in-pulp cells, 
It was found that using five cells in series, a solution to resin ratio 
of 5^1 in the cell, and a solution flow rate equivalent to 30 minutes 
residence time per cell, complete elution could he obtained» Seven 
resin volumes, equivalent to one cell volume, were sent to precipitation. 

The resin was given a eaustiis regeneration after 12 complete 
cycles on Vitro pulp, despite there being no loss in uranium capacity 
at this time» The presence of molybdenum on the res4-». was suspected, 
and this suspicion was confirmed by the removal of 22 g MO/L WSB in the 
regeneration process„ It appears that this quantity of molybdenum is 
not sufficient to interfere with the adsorption of uranium on this 
particular type of resin» 
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III»  ORIGIN AND DESCRIPTION OP SAMPLES 

Samples of leach liquor were sent lay the Vitro Uranium Company 
to the Winchester Laboratory at periodic intervals from July through 
December, 1953o These jamples were taken from the slime zone of the 
number two thickener, this feeing the type of feed that would he used in 
a resin-in-pulp system» The material from the number two thickener was 
chosen in preference to that from the number one thickener, because it 
was assumed that more wash water would be used in the dewatering process 
if ion exchange were to be used for the recovery of uranium» Since 
dilution of the feed to an ion exchange system is relatively unimportant, 
a larger amount of wash water may be employed profitably to ensure 
complete washing of uranium from the leach reside» 

For the column work, the pulp samples were filtered and the 
clear solutions used; for resin-in-pulp studies, the samples were used 
as received. 

The first shipment of Vitro pulp had been produced by leaching 
straight Temple Mountain ore. The liquor was filtered and used completely 
for column work» The clear solution contained 1.0 g U^Og and 0<,002 g Mo/L, 
or a uranium to molybdenum weight ratio of 500;1» 

Later samples were produced at Vitro from the leaching of mixtures 
of ores, largely those from Temple Mountain and Marysvale» These pulps 
ranged between 10 and 20 percent solids and contained 0„5 to 1»2 g U^Og/L* 
averaging about 0»7 g/Lo Except for one low molybdenum sample, the 
uranium to molybdenum weight ratio varied between 6„5 and 15«5 to one, 
averaging about 10:1„ The pH of the pulps, except for the first sample, 
was from 102 to lök- and the emf as measured with a platinum-saturated 
calomel electrode system-was from -420 to -V70 mv» The first sample, 
as received, had a pH of 0.8 and an emf of -650 mv» This sample was 
neutralized with limestone to pH 1<>3 and reduced with metallic iron 
to -450 mV» The other samples were used without adjustment» 
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IV. TEST WORK DESCRIPTION AND RESULTS 

Column System 

A three-column ion exchange system was employed.  The columns were 
l/2" I„Do glass tubes containing 50 ml wet settled resin (WSR)„ This 
volume of resin produced a bed depth of 15"» Two runs were made, not 
concurrently, one using IRA-400 resin and the other using XE-75 resin» 

The system was set up to operate with two columns on series exhaustion 
and the third column on elution» The exhaustion retention time was 
established at three minutes, as previous work has shown that with 
comparable liquors this retention time will put the second column at 
breakthrough when the first column is nearly at saturation,, The volume 
throughput was adjusted to the grade of liquor so that a eoastaat 
quantity of uranium was passed through the columns on each adsorption 
cycle» This quantity of uranium vas such that, in the absence of any 
poisoning, all of the uranium could be adsorbed without saturating the 
resin with respect to uranium» A more detailed explanation of this 
volume control procedure may be found in Part I of this series i/o 

The elution retention time was set at nine minutes, and a sufficient 
volume of eluate was used to insure complete elution; this condition 
was assumed when the last fraction of eluate assayed less than O.lg 
UO0O/L by means of a ferrocyanide spot test» A solution of 0.9 N 
MHkCl + Ool N HC1 was used for elution. In one or two cases, following 
standard elution, two column volumes of 1 N HC1 were passed through the 
columns to be certain that no uranium could be further removed» None 
was found in the HC1 effluent, indicating that the standard NH^Cl 4-HC1 
elutriant had completely removed the uranium from the columns» Fresh 
eluting solution was used in each cycle» The eluting cycle was timed 
so that it would be completed before the exhaustion cycle ended» For 
those cycles where the folume throughput on exhaustion was reduced to 
one liter, the «xHaustion time was reduced to less than the elution 
time» A reduction of the elution retention time from nine minutes to 
five minutes decreased the total time required for elution, although 
the total volume of eluate required for complete elution increased» 

1» .IRA-400 Resin 

The three-column ion exchange system was started using the clarified 
leach liquor from the first shipment of leached pulp received from the 
Vitro Uranium Company» This pulp was derived from the acid leaching of 
straight Temple Mountain ore» The liquor assayed 1»00 g U^Og and 
0,002 g MO/L, giving a uranium to molybdenum ratio of 500si» Thirty 
loading cycles or 10 complete resin cycles were run-» A summary of the 
data is presented in Table I» The complete data are presented in 
Appendix Table A-3° 

1/ Schiff, H. N„, Hollis, E» T», and Lower, G» W», "Recovery of Uranium 
~  from Vitro Leach Liquors by Ion Exchange", ACCO-35, March 10, 195*, 

pp. 22-23» 
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Resin Resin Loa< 
Cycle No» g U3O8/L 1 

1 59o8 
2 59»2 
3 59»2 
k 56o8 
5 59»5 
6 59o8 
7 59°1 
8 58,9 
9 580O 

10 58,9 
11 5^3 
12 38o7 
13 2^.4 
14 15=6 
15 h$ ,6 
16 ^5 *5 

Table I 

Loading Data on IRA-toO Resin 

1/ 
• Remarks 

Cycle 1 - 7, Uo08/Mo = 500, 
U308 = loOO g/L 

Cycle 8 - 10, U3O3/M0 = 500, 
U308 =1.13 g/L 

Cycle 11 - 16,  U308/MO «6,6, 
U308 = 1.18 g/L 

Caustic cleanup of resin 

l/ Loadings are based upon elution data and are averaged for the three 
loading cycles per resin cycle„ 

From the resin loading figures, calculated from the elution data, it 
can be seen that there is no significant decrease in the uranium capacity 
of the resins during the first 10 resin cycles„ The average resin loading 
for this liquor was 59 g U?08/L WSRO One carboy of this sample of liquor 
assayed 1„13 g U308/L» This increase in the uranium content would be enough 
to account for tSe differences obtained in the percent adsorption shown in 
Appendix Table A-3« A 2=5 liter throughput of the lower grade liquor, 
loOO g U308/L, resulted in 100 percent adsorption« A 2„5 liter throughput 
of the higher grade liquor, 1„13 g U308/L, equivalent to 2„8 liters of 
loO g/L liquor, resulted in 9^ percent adsorption. 

The feed to the Vitro plant had changed to a mixture of Temple Mountain 
and Marysvale ores with the result that the leached pulps now contained a 
relatively high concentration of molybdenum. Starting with the eleventh 
resin cycle, the feed to the columns was changed to the high molybdenum 
liquor derived from the above mixture of ores» This liquor assayed l„l8 g 
U308 and 0ol8 g Mo/L, giving a uranium to molybdenum weight ratio of 5»5:1° 
Six complete resin cycles were run with this liquor. After four cycles, 
the resin tfas given a eaustie ©lean-up treatment consisting of 10 column 
volumes of a 6 percent NaOH solution flowing at a 10 minute retention time» 
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The data indicate that there is a very rapid decrease in resin 
capacity, when the liquor contains molybdenum. In four cycles, the 
resin loading dropped from 5^» 3 to 15»6 g l^Og/L WSR» After the caustic 
clean-up treatment the resin capacity was only partially restored 
(^5 »5 g/L WSR). This does not mean that a more vigorous treatment 
would not have provided complete restoration of uranium capacity. 

Complete elution of the TRA-^KX) was obtained by using 10 column 
volumes of fresh eluate at a flow rate equivalent to a nine minute 
retention time» As the resin poisoned, the volume of eluate required 
for complete elution increased to about 12 column volumes. 

2, XE-75 Resin 

After observing the very rapid decrease in the uranium capacity 
of IRA-^00 resin (71 percent in four cycles), it was decided to compare 
the results obtained with a low and a high cross-linked anion exchange 
resin (IRA->K)0 and XE-75) for this type of solution» A year previous 
to this work, ion exchange work was done on Vitro liquors with a low- 
cross-linked anion exchange resin, Permutit SE i/o With a liquor in 
which the uranium to molybdenum ratio was about 10:1, a loading of 30 g 
U,0O/L WSR could be obtained. A five percent decrease in loading in 
eight resin cycles was noted, but a caustic clean-up treatment completely 
restored the uranium capacity of the resin. 

Permutit SE resin is no longer available commercially» Rohm & Haas 
resin XE-75 is reported to be similar to their IRA-^00 resin but with 
a lower degree of cross-linking. It should be very similar, therefore, 
to Permutit SE resin» 

A three-column ion exchange system was operated with 50 ml of XE- 
75 resin in each column» Forty complete resin cycles or 120 loading 
cycles were run. A summary of the data is presented in Table II on 
page l^o The complete data are presented in Appendix Table A-3» 

For the first 11 resin cycles* liquor with a uranium to molybdenum 
weight ratio of 6l:l was used» For the remaining 29 cycles, tue uranium 
to molybdenum ratio of the liquor averaged 14:1» It is unfortunate that 
the tests comparing the three different resins could not be run on 
liquors of the same uranium molybdenum ratio» 

From the resin loading figures, calculated from the elution data, 
it can be seen that a lower initial capacity is obtained with XE-75 
resin as compared to IRA-toO, but the decrease in capacity of XE-75 resin 

1/ schiff, N» Ho, Hollis, E» T», and Lover, G. W., "Recovery of uranium 
~  from Vitro Leach Liqsors by Ion Exchange", ACCO-35, March 10, 195*° 
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is very gradual., With the liquors used, the initial loading on the 
resin was about 30 g U^Og/L WSR„ After 13 resin cycles, the resin 
loading was 86 g/L, -and the uranium adsorption from the feed had been 
reduced to 90 percent» A caustic clean-up brought the loadiag back 
to 3£ g/L» and the uranium adsorption increased to 100 percent» After 
20 additional resin cycles a second caustic elean-up was used» At this 
point, there was no decrease in capacity as indicated by the resin 
leading, and there was only a one percent decrease in the uranium 
adsorptiono After the clean-up, the uranium adsorption increased from 
99 to 100 percent. The indicated resin loading of 3£ g/L obtained for 
the two cycles after %lean-jrp does not check with the amount of uranium 
fed to the columns, based, on "the volume throughput and the head assay 
of the leach liquors» Calculated from the adsorption data, the loading 
should be 31 g I^Og/L WSR. 
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Resin Resin Loe 

Cycle Ho„ 6 U3O8/L 

1 36.2 

2 31.3 

3 30o8 

k 25 0% 

5 26o2 

6 30. k 

7 3lA 
8 32o8 
9 30.* 
10 2808 
11 30.2 
12 27ol 
13 26o2 
Ik 29o9 
15 32.3 
16 30.6 
IT 30 »3 
18 29»6 

19 27o9 
20 28o9 
2] 30o6 

22 32a 
23 32 o3 
2k 32ol 

25 32.6 
26 29o0 

27 29o5 
28 29o9 
29 30.2 

30 28„8 

31 30.7 
32 31o6 

33 29 08 

3^ 35*2 

35 35.5 
36 31°3 
37 27»7 
38 27.2 

39 31o8 

ko 32.8 

Table II 

Loading Data on XE-75 Resin 

Lding y 
WSR Remarks 

Cycle 1-11 U30ß/Mo = 6l, 
U^OQ- 0*7 g/L» 

Cycle 12-16 U30g/Mo = 12.5, 
U3O8- 0.8 g/L 
Caustic cleanup of resin after 
Cycle 13«, 

Cycle 17 - 36 U3O8/M0 = ik.k, 
UJOQ - 0.6 g/L 

Caustic cleanup of resin after 
Cycle 33o 

Cycle 37 - *0 Uo08/Mo = 15.3, 
ü30g - 0.6 g/L 

l/   Loadings are based upon .elution data and are averaged for the three 
~     loading cycles per resin cycle„ 
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Complete elution of XE-75 resin was obtained "by usiag five column 
volumes of fresh eluate at a flow rate equivalent to a nine minute 
retention time „ There is no evidence of any increase in the volume of 
eluate required for «onplete elutian as the resin poisons» 

An examination of the data in Tables I and II indicates that XE-75 
suffers from molybdenum poisoning to a lesser extent that does IRA-400; 
however, since the liquors differed in molybdenum concentration, a direct 
comparison of the poisoning properties of IRA-400 and XE-75 resins cannot 
he made on the hasis of the tests described above» Additional information 
compiled "by D„ C„ McLean and R„ H. Shepherdson of the Winchester Labora- 
tory, working in Salt Lake City under a cooperative arrangement with the 
Bureau of Mines, may be cited here» Using liquors which were essentially 
identical in uranium and molybdenum content, they have demonstrated the 
rapid deterioration of IRA-400 capacity as contrasted to the slower 
drop in uranium capacity of XE-75 with molybdenum poisoning» Their data 
are presented in Table III» 

Tablelll 

Comj jarison Effect of Mo Poisoning on Saturati on Loadings 
öf IRA-400 and XE-75 Resins 

Resin Loading - g U^0Q/L WSR 

Resin IRA-400         ,   XE-75    / 
and lo Mo Liquors_i/ hi Mo Liquor-/  lo Mo Liquor 3/ Cycle NO» *L 

1 62                 29»7 27»5 
2 63               27.1 27»3 
3 66                                   25„1 27o9 
4 68              23.5 24»7 
5 67              22o9 29.5 
6 60                21,8 25 06 
7 52 (Mo introduced)    20 „4 20 „4 
8 30                 19o6 21o8 
9 20 2 21.1 
10 l808 

' l6„8 V    _ , 
2306      23 A 2/ 

25 «2 
11 22 06 
12 23.8 
13 20.4      24,5 25 »5 
Ik 27o7 

Note: All liquors were very similar except for differences in Mo 
concentration; they contained LI g UbOg/L/ all had a pH of 
1„5; and the emf of the liquors was -390 to -420 nvo 

l/   A low molybdenum liquor (00o6 g MO/L) was used for cycles 
1-6; a high molybdenum liquor (0»2 g MO/L) was used for 
cycles 7 and 8« 

2/   High molybdenum liquor (0»2 g MO/L) was used throughout the run« 
3/   High molybdenum liquor was stripped by adsorption on a charcoal 

column to leave a residual Mo concentration of 0o04 g/L« 
4/    XE-75 resin given a caustic regeneration after cycle 11» 
5/   XE-75 loading after regeneration run as a duplicate single 
—    column test» 
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From the above data, it may fee seen that on the sea»'liquor IRA-^OO 
suffers from poisoning much «are rapidly than doe© XE-75» The lagt 
column in Table III is presented to show a property of this hatch of XE-75 
resin which must he mentioned to put the poisoning pheao»enon in its 
proper light« Both in the presease and absence, of poieoni»g agent, some 
lots of strong-has« anion eacehange resins undergo an unexplained initial 
drop in capacity in the first few cycles„ The loadings for regenerated 
poisoned resin represent, essentially, complete restoration of the resin 
to what may he considered its normal uranium capacity» 

On the basis of the previous tests with Vitro liquor on Permutit SE 
resin, the poisoning characteristics of SE and XE-Y5 appear to he very 
similar,, Except for a higher initial uranium capacity for the SE resin, 
the loading and elution behavior of these two low-cross-linked resins 
also appears to he comparable„ Additional work performed by McLean and 
Shepherdson confirms this. 

3, Precipitation Tests 

Precipitation of the column eluate was not done on a regular basis, 
since recycling of the barren eluate was not required in these tests» A 
composite of eluates from IRA-^OO columns was made for comparison tests 
using ammonia and magnesia for precipitation,. Previous data indicated that 
there is no difference between eluates obtained from IRA-^OO and XE-75 
(or Permutit SE) resins« Precipitates made at Irregular intervals during 
the entire column test varied between 75 and 80 percent UgOß» 

Four I06 liter aliquots of the composite eluate were taken« MgO 
and KH3 were compared using hot (90°C.) and cold (25°Co) precipitation« 
The data are presented in Table TV« 
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Table IV 

Comparison of MgO and HHo Precipitation 

MgO m3 
Temperature SJÖgC.  25ÜC»_      W^  250^ 

Amount used, g 6„3    7°2 V     5«2    4„9 
Settled volume 15 min».ml l/    50    1^0 50   1^00 

6o3 0 0^ ^/ 5o2 
50 140 50 
50 125 50 
5.2 9.3 4.3 

7J+0O 82 „0 75 0 3 

Settled volume 1 hour, ml      50    125 50    5^0 
Filtration time, min» 2/        5.2    9»3        ^»3  100 
Ppt» grade, 56 U30s3/ 7^0  82„0      75»3  76,6 

l/ 1„75-liters of pulp used for all tests (1000'ml - 7-5/8") 
2/ Entire volume of pulp filtered on Büchner filters of same size, 
~ time measured until top of cake dried« Filtration done cold» 
3/ Precipitate assayed on dried basis<> Loss on ignition at 750°C„ 
~ about 20 #0 
k/ Excess MgO used, pH 7»8 instead of 7»0» 

The filtration characteristics of a cold ammonia precipitation are 
very bad, and in practically all cases this method of precipitation would 
not be recommended,, In order of decreasing filterability, hot ammonia, 
hot magnesia, and cold magnesia would be preferred» The differences 
between these latter three precipitants are small, and an economic 
evaluation would have to be made for each specific installation« 

4, Removal of Molybdenum from Vitro Leach Liquors 

Since it is evident that molybdenum interfere with the adsorption 
of uranium by ion exchange resins, some preliminary tests were run to 
attempt the removal of molybdenum from solution prior to ion exchange» 
Two methods were tried; adsorption on a charcoal eolumn and sulfide 
precipitation» 

The leach liquor was run through a l/2" diameter column containing 
50 ml of Permutit CarboDur, an activated charcoal, at an exhaustion 
retention time of three minutes» The liquor assayed 0»55 g UgOß and 
Oo055 g Mo/Lo A total volume of l8„75 liters or 375 column volumes 
was put through the column« The molybdenum assay of the effluent 
ranged from 00007 to 0„022 g/l from beginning to end of the run» The 
calculated average molybdenum assay for the composite effluent was 
0*01^5 g/L, corraspoading to a total molybdenum extraction from the 
solution of 73°°" percent» 

The molybdenum may be removed readily from the CarboDur with a 
six percent IfaOfl solution followed by an acid wash» The molybdenum 
precipitates in the caustic effluent and in the column» The acid 
wash will remove the molybdenum precipitated in the column» 
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This one cycle of molybdenum adsorption on and elution from the 
CarboDur was followed by a second cycle to see if the CarboDur would 
continue to pick up molybdenum,, Eighteen liters or 26o column volumes 
of a second batch of leach liquor was used for the second cycle. This 
liquor assayed 0,64 g Uo08 and 0„027 g Mo/Lo The composite effluent 
assayed 0.008 g MO/L, giving a total molybdenum extraction from the 
solution of 7^,1 percent. The molybdenum was again eluted with a six 
percent NaOE solution followed by an acid wash. 

From these two cycles it appears that a CarboDur column of the 
same size as the XE-75 uranium adsorption column will remove 75 per- 
cent of the molybdenum from a volume of leach liquor sufficient for 
seven uranium loading cycles, 

Sulfide precipitation tests were run on a hatch of liquor that 
assayed 1.18 g UoOg and 0.18 g MO/L. The liquor was reduced with 
metallic iron to convert most of the ferric iron to ferrtous. The 
reduced liquor had an emf of -%00 mv. Sixteen 100 ml aliquotes 
were used for tests in which the pH and NagS concentration were varied. 
The data are presented in Table V, 

r rable V 

/ 

Sulfide Precipitation of Molybdenum 

Test NapS 
g/L 

/ 2/ Filtration Assay g/L- # Molybdenum 

No. pHi/ U3O8 Mo Precipitated 

1 0.50 2 1,10 0,12 33 
2 0.50 k 1.18 0,06 67 
3 0,50 6 1,02 0,05 72 
k 0.50 8 1.07 0,0% 78 
5 0,80 2 1,19 Oolk 22 
6 0,80 k 1,19 0,09 50 

7 0,80 6 1,27 0,0% 78 
8 0,80 8 1,20 0,0% 78 
9 1.10 2 1,18 0,l6 11 

10 1,10 k 1.2k 0.08 56 
11 1,10 6 1,09 0,03 83 
12 1.10 8 1.12 0,03 83 
13 1,50 2 1.13 0.17 6 
Ik 1.50 k 1,11 0,09 50 
15 1,50 6 1,11 0,05 72 
16 1.50 8 1,27 OoOl 9k 

Note: Head assas r before reduction = I0I8 g UoOft/Lo, 0ol8 > g MO/L, 
1.3 g Fe+7L, 3.0 g Fe++7L, 0,66 g V2Ö5/L, 0,70 g P2°5/L> 
pH = 1.3 

l/   Initial pH adjustment was made vith H2SOI1. or NHj as required; 
"~   H SO, was added to the solution during precipitation to maintain 

constant pH. 
2/   Solutions allowed to stand for 30 minutes at 25°C, after addition 

Na2S. 
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The sulfide precipitates were washed with as, H2S solution and 
analyzed» While the results for the determination of uranium are 
somewhat erratic, less than one percent of the uranium is carried 
down with the molybdenum» 

After reduction of the liquor with iron, the addition of k  g 
NapS/L of leach liquor precipitates about 50 percent of the molybdenum 
and 6 g NagS/X increases this to about f5 percent» An increase in pH at 
these levels of sulfide concentration helps to make the precipitation 
more complete» 

Further work should be done to determine the effect of partial 
molybdenum removal on the ion exchange properties of these modified 
liquors. Both sulfide precipitation and the use of the charcoal 
column should he studied in this regard» 

Bo Eesin-in-Pulp System 

A vertical screen unit, known as the Winchester cell, was devised and 
built at the Winchester Laboratory as a device for a resin-in-pulp 
system» The cell, a rectangular tank with a 6o° sloping bottom, was 
made of 3/8" lueite sheet» It is divided into two sections by a 
removable vertical partition» A section of the partition feaÄ been cut 
out and replaced with screening material» Figure 1, on the following 
page, is a detailed drawing of the one liter laboratory unit employed 
in the test work» 

As currently practiced, the resin-in_-pulp process required a big- 
head form of resin» Böhm & Haas XE>123 resin has been produced for this 
purpose» This is a large particle form of the low cross-linked XE-75 
resin., and it is supplied in batches which vary from 100 percent plus 
35 mash to 100 percent plus 20 Jiesh» The resin is contained in the 3" x 
3" compartment of the unit» The screening must be about two mesh sizes 
smaller than the finest resin particle to prevent blinding of the 
screen» A Saran screen equivalent to k8 mesh was used in these tests, 
and th& pulp-feed to the cells was maintained at minus 65 mesh to 
avoid blinding of the screen by particles of pulp» 

The pulp is fed into the resin compartment of the cell and intimately 
mixed with the resin» The pulp is separated from the resin as the 
former flows through the screen into the overflow compartment and out 
of the cell through the overflow tube» An air distributor placed at 
the base of the screen prevents the flow of pulp from packing resin 
against the screen, which would block further flow of pulp» The air 
distributor is drilled with 0„02V diameter holes (#75 drill) on l/k" 
Centers» Jets of air are directed against the bottom of the screea. 
The rising stream of air bubbles sweeep the screen clear and also 
provide for mixing of the pulp and resin» 

It was noted, after several weeks of operation, that considerable wear 
was occurring at the base of the plastic screen where the jets of 
air hit» To overcome this problem, strips of fiberglass impregnated 
with laminae resin were cemented across the bottom of the screen» 
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A resln-in-pulp system was set up with 12 of the one liter Winchester 
cells in series. The full cell volume was 1.2 liters, of which 0.8l 
liters was occupied by the resin compartment. Each cell contained 
1^5 ml WSR or a pulp to resin ratio of approximately 5:1 in the resin 
compartment. There was in each cell an eight square inch (kn  x 2") 
section of Saran screen. The system was so arranged that either pulp 
or eluting solution could he fed into any cell. The overflow tube 
from each cell was arranged to feed the next cell in series or to 
collect the composite harren pulp or high grade eluate. The last 
cell in the series was connected hy a pump to the first cell to 
complete the circuit. A diagram of the resin-in-pulp circuit is 
presented in Figure 2. 

The resin-in-pulp was operated with a fixed number of cells in series 
for both exhaustion and elution. The ratio of pulp or solution to 
resin was maintained at the same value in all tests. The residence 
time in each cell (flow rate) and the volume throughput were varied 
during exhaustion runs, so that when the overflow from the last cell 
in series contained an arbitrary concentration of uranium (break- 
through or cut-off value), the first cell in series was loaded to 
saturation with uranium. Under the conditions of a particular test, 
saturation is considered to be achieved when the overflow and the 
feed to the cell are equal in uranium concentration. 

Series elution was similarly controlled by residence time and volume 
throughput, and the elution terminated when the eluate in the first 
cell - most completely eluted - contained less than 0.1 g U3O8/L as 
determined by a ferrocyanide spot test. The number of cells in series 
and the residence time on elution had to be chosen to permit a total 
elapsed time for elution equal to or less than the time for exhaustion. 

At the end of the exhaustion cycle, the first cell in series was drained. 
The pulp from this cell, since it had the same concentration,as the 
feed, w*s returned to the head tank. This cell was then twice washed, 
by filling with water and agitating a few minutes, and drained to 
remove the slimes and sand tfro» the resin. It then became the last 
cell in series on the next elution cycle, A freshly eluted cell 
was added as the last cell on the next exhaustion cycle. At the 
start of the exhaustion cycle, the first cell volume of pulp fed to 
the system overflowed into the last cell, which was empty. This is 
the same volume of pulp returned to the head tank at the end of the 
previous exhaustion cycle. This first cell volume of pulp was followed 
by a volume of pulp containing sufficient uranium to saturate one cell 
volume of resin. This volume of pulp overflowed the last cell, and it 
was collected as barren effluent. 

Normally, at the end of the elution cycle, the first cell in series was 
drained. The eluat«, containing less than 0.1 g UoOß/L, vat &dd«d to 
the recycle eluate tank. The cell was then washed and drained to remove 
eluate from the resin, so thatnone of the chloride ion would find its way 
into the exhaustion circuit. At the start of the elution cycle, one- 
cell volume of recycled eluate was fed into the -system and overflowed 
into the last cell, which was empty. This was followed by sufficient 
fresh or made-up eluate to completely elute the resin in the first 
cell. The eluate that overflowed the last cell is the high grade 
eluate that was sent to precipitation. 
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The resin used for this test was Rohm & Haas XE-123, Lot No. 8772«, 
The size distribution of the heads in this sample is shown in Tahle VI. 

Table VI 

Size Distrihution of XE-123 Resin Lot Wo. 8772 

Size . Wt. % 
0.2 
1.5 

12.9 
75 op 
9»0 
0.5 

Vitro pulp,  obtained from the slime zone of the number two thickener, 
was used as feed for the resin-in-pulp system.    A screen analysis of 
a sample of this pulp is presented in Table VII. 

Table VII 

Size Distribution of Vitro Pulp 

Size  Wt. <f> 

1 
2 
k 
6 

87 

The plus 65 mesh fraction consisted mostly of wood chips and particles 
of carbonaceous matter» To prevent plugging of the screens in the resin- 
in-pulp system, an extra cell was set up with a 65 mesh screen» This 
cell was used as a pre-screening device« The feed to the cells, there- 
fore, was all minus 65 mesh. The pre-sCreening device was cleaned out 
at periodic intervals. 

I. Batch Saturation Tests 

Batch saturation tests were run to determine the saturation loading 
of this resin at various pH values. Leach liquor filtrate from a 
sample of Vitro pulp was used. The liquor was adjusted to the indicated 
pH with limestone, and the gypsum precipitate was removed by filtration. 
Tests were run at five pH values. 

For each test a 10 ml sample of resin was contacted successively with 
four batches of liquor for two hours per contact. Three liters of liquor 
-were used per contact or a total volume of 12 liters per test. The 
results of these tests are presented in Table VIII. 

+65 
-65 + 100 
-100 +150 
-I50 +200 
-200 
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Table VIII 

Effect of pH on Res~in Loading 

pH 1.15 lokZ 1.80 2.20      2„38 
Resin Loading, g/L 33^ 39«2 36.3 50.4 58.0 
Resin, Assay, £ U.Oo 8.26 9«85 9»00 12.M Wo07 

MB
ö 5.61 2.65 2.05 1°70     lo32 

po0c 0.46 0o3i 0.30 0.34    0.32 
Fe * 0.79 0.92 1.46 1.13     2.07 
V205 0.2 0.2 0.2 0.2      0.2 

Note: Head assay of solution = 0.77 g UOOQ/L, 0.096 g MO/L, 0„35 g P205/L' 
0»53 g V205/L, 1.27 g Fe*7L, 1.50 g Fe**"7L, PH 1.15. emf -420 mv. 

The phosphate and vanadium loadings appear to he independent of pH 
within the limits tested» Loadings for uranium and iron increase with 
pH, while molybdenum loading decreases as the pH rises. It appears that 
the optimum ion exchange properties of this liquor are obtained at the 
higher levels of the pH range studied. Unfortunately, because of the 
tendency for precipitation of heavy metal phosphates, arsenates and 
vanadates, with possible precipitation of uranium at the higher pH values, 
the practical limit for the ion exchange process is about pH 1.8. 

2. Continuous Exhaustion^ Resin-in-pulp System 

A 12 cell resin-in-pulp system was set up as described above. The 
total volume of the cell was 1.2 liters and 0.8l liters for the resin 
compartment alone. The number of cells for exhaustion was fixed at 
seven. Each cell contained 145 ml WSR* giving a pulp to resin ratio of 
approximately 5:1 in the resin compartment of• the cell. The system was 
started on an artificial leach liquor and then switched to Vitro pulp. 
A  summary of the data is presented in Table IX, and the complete data 
are presented in Appendix Tahle A-l. 
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Summary of RIP Eaehaustion Data 

Cycle Head Assay, 
Nos» g/L of contained liquor 

1- 37 5/   0.94 U308, 35 SO^", 
pH =1.5, Artificial solution 

38- 89     OoTT U^Oo^ 0.10 Mo 
pH = 1115, emf = -420 w = 
20 # solids, Vitro pulp 

90-113 0.^9 UoOß, 0„04 Mo, 
pH - 1.20 emf = ~4?0 mv 
10 "fo solids, Vitro pulp 

114-125      0.76 U^OD, 0„06 Mo, 
pH = 1.25, emf = ™46o mv. 
35 <$>  solids, Vitro pulp 

126-188      O.60 U3O8 
pH = 1.35, emf - -430 mv= 
19 <f> solids, Vitro pulp 

189-261 0.58 UgOjjO.CA Mo, 
pH - LW, emf 2 -430 mv. 
20 $  solids, Vitro pulp 

262-308      O.58 U,0o, 0„04 Mo, 
pH = I.35, emf = -420 mv„ 
15 £ solids, Vitro pulp 

Average Average Gale.!;/ 
$        Loading 
Adsorption g UoOg/L ¥SR 

99.4 

99 = 5 

98.7 

98.5 

96.8 

98.1 

96.5 

48.5 

30.8 

30.7 

2.8.3 

28.5 (30o2) 

26.6 

25.5  (29.6) .3/ 

.3/ 

Note; 

» 

Solution throughput and resin loading were "based on the original 
volume of resin,, At the end of the run there was a 13.8 $ 
decrease in resin volume« 

goading based on eluate assays. 
Artificial solution cycle 1-37« Cycle 38-308 Vitro pulp. 
Resin loading corrected for resin volume change. 
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The artificial leach liquor was run for the first three resin cycles 
(37 loading cycles). An average loading of ^8.5 g U3O8/L. WSR was obtained. 
The leach liquor flow rate was equivalent to a 10 minute residence time in 
the resin compartment of each cell or a total contact time of 70 minutes. 
With the use of a 10 minute residence time, it was found that the first 
cell in series was essentially at saturation when the last cell was not 
yet at breakthrough. In the case of the artificial liquor, with seven 
ceils on exhaustion and a solution to resin ratio of 5:1, a flow rate 
equivalent to somewhat less than a 10 minute residence time could be used 
to produce a saturated resin and still obtain complete uranium adsorption. 

The loading data (except for figures in parentheses) presented in 
Table IX are calculated on the basis of the original resin volume. It is 
known that the resin volume was constantly decreasing. At the end of 
cycle number l88 the resin volume was measured as 137 ml, and, therefore, 
the resin loading actually would be 30.2 g/L» At the end of the test, 
the resin volume was 125 ml, and the loading, calculated on the new resin 
volume, would be 29.6 g/L. Thus a loading of about 30 g U3O8/L. WSR was 
obtained for the entire Vitro resin-in-pulp run. 

3. Continuous Elution, Resin-in-Pulp System 

With the use of an elution flow rate equivalent to a 30 minute 
residence time per cell, it was found that the time required for the 
completion of the elution cycle was less than that required for the 
exhaustion cycle. Therefore, nothing could be gained by decreasing the 
total time for elution through speeding up the elution flow rate; such 
a procedure would have resulted only in increasing the total volume of 
eluate required for complete elution. It was shown in previous batch 
elution tests i/ that equilibrium was established in about 30 to ^5 
minutes. Therefore, there would be little or no possibility of 
decreasing the volume of eluate required for complete elution by running 
the elu-cion at a residence time of greater than 30 minutes. The residence 
time for elution was fixed therefore at 30 minutes, and the only variables 
tested for the elution system were the number of cells in series and the 
method of elution. 

A solution of ammonium chloride + hydrochloric acid was used for 
elution. The pregnant eluate was treated with ammonia to precipitate 
the uranium and filtered. The barren filtrate was acidified to pH 1.1 
with concentrated hydrochloric acid, and any chloride deficiency below 
loO I was remedied by addition of ammonium chloride. In no case did the 
addition of HCl to pH 1.1 raise the chloride concentration above 1.1 N„ 

1/ Abrams, 0,3», and Kaufman, D„, "Preliminary Studies of the Adsorption 
of Uranium in a Resin-In-Pulp System", ACCO-26, July 27, 1953» 
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This type of elutriant is not the most economical solution that might 
be used», but its use is a laboratory convenience. With ammonium chloride* 
hydrochloric acid, no important savings in elution or precipitation reagent 
costs result from a reduction in the volume of eluate sent to precipitation, 
once that volume is such that the total amount of chloride required to make 
the barren eluate 1 N in chloride ion is provided by the hydrochloric acid 
added to reduce the pH to 1,1» If a sodium chloride ♦ sulfuric acid eluting 
solution were to be used with ammoniaprecipitation, a decrease in elution 
volume would lead to a reduction in elution costs» For this reason, an 
investigation was made of the factors affecting the volume of solution 
required for complete elution» The complete elution data are presented in 
Appendix Tables A-l and A-2» 

When the normal elution procedure of feeding all solution into the 
first cell and overflowing from the last cell was tried, it was found that, 
with four cells in series, 1„5 liters of eluate were required for complete 
elution» This is equivalent to about 10«!? resin volumes» With five cells 
in series, the volume of eluate required was about lo0 liters or seven 
resin volumes» If a further reduction in volume were desired, more cells 
would have to be Added to the elution string» It should be noted that no 
increase in the volume of eluate needed for complete elution was indicated 
as the number of cycles progressed» 

Several modifications of the elution procedure were investigated» It 
should be recalled that at the start of the elution cycle, the first cell 
in'series is most nearly eluted, while the fifth cell is empty of solution 
and has just been added to the string after coming off of the exhaustion 
cycle« It was thought that, by draining high grade eluate from the last 
cell rather than by diluting it with lower grade eluate and overflowing 
from the cell, a smaller volume of fresh eluate would be required to 
produce a barren resin« To test this theory, at the beginning of the 
elution cycle, a pre-determined volume- 0.7, 0.8, or 1»0 liters - was 
overflowed at the standard rate to empty fifth cell and then drained 
completely vhile the air agitation continued in all five cells» When the 
last cell was again empty, and the drained liquor sent to precipitation, 
the flow of eluate was resumed for one full cell volume«, At the end of 
elution the first cell was drained, the liquor being held to be used as 
the first cell volume of eluate on the next elution cycle, as it contained 
some uranium» Since the volume throughput is one cell volume plus the 
volume sent to precipitation, only the latter must be replaced as make-up 
with uranium free eluate» By the standard elution procedure, complete ■ 
elution of the first cell was achieved in 2»2 liters throughput - 1,0 
liter sent to precipitation. Sending this same volume to precipitation 
in the modified procedure permits a slightly lower uranium content in 
the eluate drained from the first cell at the end of elution» This 
greater efficiency at the same volume throughput is undoubtedly achieved 
by the batch elution operation which proceeds during the time that the 
one liter of eluate is being drained from cell five» 
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It was found that with this modified technique, 0.8 liters of 
solution or 5.5 resin volumes produced the same degree of completeness 
of elution as did the standard procedure with seven resin volumes of 
eluate. The use of 0,7 liters sent to precipitation would not pro- 
duce a uranium-free resin (eluate containing less than 0,1 g Ü3OQ/L) 
in the first cello 

Two other methods, in both of which pregnant eluate overflow from 
cell five was reserved for a preliminary hatch elution of cell five on 
the next elution cycle, were attempted, but the results were not 
encouraging. In addition, certain features of the last modifications 
would have made these schemes unattractive for plant usage, even if 
further work vere to indicate that lower reagent costs might he 
obtained» A summary of the data obtained by these elution systems 
is presented in Table X» 

Table X 

Summary of Elution Data 

Vol. of Eluate 
Procedure        Sent to Ppt, L« 

1 1.0 
2 1.0 
2                0,8 
2 0.7 
3 0,5 
k 0.5 

.NOTE2 Five cells are used in series for all tests» 

ko    Reagent Consumption and Precipitation Grade 

The high grade eluate was precipitated with anhydrous ammonia at 
a temperature of about 75 °C The barren eluate was made up to the 
original volume with water, acidified to pH 1.1 with concentrated 
hydrochloric acid, and brought to 1.0 N chloride ion with ammonium 
chloride. In most eases the addition of ammonium chloride was un- 
necessary. The complete data are presented in Appendix Table B-2. 

Assay of First Cell 
Eluate, g U3O8/L 

0.09 
o„05 
0.09 
0.3 
0.6 
0.3 
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Caustic Regeneration and Resin Loss 

The r®sin was given a caustic regeneration starting with loading 
cycle l8l<, Each cell, after completion of elution, was given three 
l/2 hour contacts with 500 ml of six percent NaGH, followed by 500 ml 
of 1 N HC1, also for l/2 hour» A water wash was given the resin 
before and after the acid contact„ An average of 3»2 g Mo was removed 
from each cell or a recovery of 22 g MO/L WSR» The caustic regeneration 
was performed despite there being no evidence of loss in resin capacity 
at this time - 15 complete resin cycles» 

After the regeneration, the resin volume was measured,, The average 
resin volume at this time was 137 ml WSR per cell» This is a loss of 
5»5 percent in three months of 22 percent per year» At the end of the 
run the resin volume was measured again and found to average 125 ml WSR 
per cell«, This corresponds to a loss of Ik percent or an annual <BJ6ss 
of k2  percent« 

The resin loss is calculated on a time basis, because it is believed 
that this loss is all due to attrition» The agitation in the cell, the 
cause of the attrition, is continued 2k hours a day, seven days a week» 
A further discussion of the attrition problem with the Winchester cell 
may be found in a separate reporti'» 

For the latter part of the run the pulp changed to one containing 
more sands. It is believed that the more sandy nature of the pulp 
resulted in the increase in resin wear» Laboratory tests of the larger 
scale models of the Winchester cell indicate that the amount of air 
required for agitation and sweeping of the screen is proportionately 
mich less, and, therefore, the resin loss is appreciably less in these 
larger units» 
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Table A-3 

Vitro Column Data 

Cycle Vol, Assay, % Adsorp- Col Vol, Loading, 
No. 

4.0 

er/L 

.0001 

tion ml e/L 

1 100 
2 3.5 .003 99.7 475 58.1 

3 3.5 .021 97.9 490 57.7 

4 3.0 .035 96.5 490 63.8 

5 3.0 .042 95.8 500 59.2 
6 3.0 .038 96.2 490 59.4 
7 2.5 .014 98.6 490 59.2 
8 2.5 .0019 99.8 570 56.7 

9 2.5 .0003 100 500 61.2 
10 2.5 .0001 100 495 59.8 

11 2.5 .0006 99.9 495 56.4 
12 3.0 .0002 100 500 55.0 

13 3.0 .0018 99.8 495 59.1 

14 3.0 .0021 99.8 500 59.2 
15 3.0 .014 98.6 500 59.2 
16 3.0 .027 97.3 500 60.0 
17 2.75 .022 97.8 510 59.3 
18 2.75 .023 97.7 500 59.2 

19 2.75 .030 97.0 500 60.7 
20 2.75 .035 96.5 500 59.2 
21 2.6 .029 97.1 500 58.3 
22 2.6 .028 97.2 510 59.9 
23 2.6 0.14 98.6 515 58.1 

24 2.6 .015 98.5 515 59.0 
25 2.6 .034 97.0 530 59.6 
26 2.6 .060 94-7 510 57.7 
27 2.6 .083 92.7 510 57.8 
28 2.5 .151 86.6 510 58.5 
29 2.5 .061 94.6 525 59.1 
30 2.5 .064 94-3 500 57.8 

31 1.95 .001 99.9 600 60.0 
32 1.95 .001 99.9 590 60". 6 

33 1.95 .024 98.0 595 56.0 

34 1.95 .116 90.2 580 46.4 
35 1.95 .232 80.3 620 38.8 

36 1.95 .371 68.6 630 38.2 
37 1.95 • 41 65.2 645 39.1 
38 1.00 .26 88.0 670 29.2 
39 1.00 .28 76.3 850 24.9 

40 1.00 .35 70.4 740 19.1 

41 1.00 .33 72.0 730 16.5 

42 1.00 .41 65.2 810 15.7 

43 1.00 • 49 58.5 720 14.6 

44 1.00 .0004 100 830 15.2 

45 2.0 .0005 100 760 16.8 

46 2.5 .015 98.7 840 40.3 
47 2.5 .119 89.9 625 42.4 

 fiejaxfcg.  

Head =1.00 Ü3O8, 2.54 V2°5> 
3.07 Fe+++/0.68 Fe++, 0.33 
P205, 0.0022 Mo, pH » 1.3, 
3 min ex. ret. time and 9 min 
el. ret. time 0.9M NH^Cl + 
0.114 HC1 fresh eluate for all 
cycles 50 ml IRA-400 resin/ 
column. 

New Head - 1.13 Ü3O8 

New Head =1.18 ü^Og, 0,66 V2O5, 
1.28 Fe++, 0.70 P2O5, 0.18 Mo, 
pH = 1.3 

0.1 spot at 500 ml 

0.1 spot at 555 ml 

0.1 spot at 720 ml 

.1 spot at 740 ml, start caustic 
cleanup 

.1 spot at 750 ml, 9 min el. ret, 
time, 0.1 spot at 520 ml 
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Table A-3. Continued 

Vitro Column Data 

Effluent 
Cycle Vol, Assay, % Adsorp- Col Vol, Loading, 
_J&Lu» L 

2.5 

_£L£L_™ tion, 

79.4 

ml 

660 

ff/!» 

54.2 

Remarks 

£8 .243 0.1 spot at 570 ml 
49 2.5 .379 67.9 710 46.8 
50 2 o J .171 60.8 670 44-2 .1 spot at 580 ml 
51 2,5 .0005 99.9 New Head =0.67 U3O8, 0.011 
52 1.2 .0001 100 340 36.7 Mo, Load fresh resin in all 
53 1.2 .0007 99.9 340 38.6 columns, 50 ml XE-75/column 
54 1.2 .0007 99.9 340 33.4 0.1 spot at 250 ml 
55 1.2 .0007 99.9 345 32.7 
56 1.2 .0006 99.9 330 31.5 
57 1.2 .0007 99.9 320 29.6 
58 1.2 .0008 99.9 340 32.5 
59 1.2 .0015 99.8 340 30.4 
60 1.2 .0010 99.8 340 29.6 0.1 spot at 250 ml 
61 1.2 .0015 99.8 335 25.8 
62 1.2 .0009 99.9 330 26.0 
63 1.2 .0008 99.9 340 24.2 
64 1.2 .0010 99.8 355 18.1 
65 1.2 .0003 100 390 30.1 
66 1.5 .0010 99.8 350 30.3 0.1 spot at 250 ml 
67 1.5 .001 99.8 305 28.5 
68 1.5 .003 99.6 350 30.8 
69 1.5 .005 99.3 330 31.9 
70 1.5 .008 98.8 320 31.4 
71 1.5 .025 96.3 335 31.4 
72 1.5 .051 92.4 335 31.4 0.1 spot at 250 ml 
73 1.5 .055 91.8 335 32.4^ 
74 1.25 .059 91.2 360 31.9 
75 1.25 .027 96.0 350 33.9 
76 1.25 .015 97.8 355 30.7 
77 1.25 .021 96.9 340 30.4 
73 1.25 .017 97.5 335 30.0 0.1 spot at 250 ml 
79 1.25 .013 98.1 340 26.8 
80 1.25 .017 97.5 350 29.4 
81 1.25 .028 95.8 340 30.1 
82 1.25 .019 97.2 350 28.6 
83 1.25 .023 96.6 340 31.1 
84 2.0 .016 97.9 340 30.7 New Head ^0.75 g/L Ü3O8, 0.06 
85 2.0 .033 95.6 340 27.4 Mo, 0.83 V205, 0.4 P2O5, 1.6 
•86 2.0 .061 91.9 355 27,3 Fe+++, 0.3 Fe++, pH * 1.3 
87 2.0 .074 90.1 350 26.4 
88 2.0 .071 90.5 340 24.7 
89 2.0 .083 88.9 360 27.7 0.1 spot at 250 ml 
90 2.0 .008 98.9 460 26.2 Start caustic cleanup 
91 2.0 .005 99.3 350 24.5 
92 2.0 .0001 100 345 34-4 
93 2.0 .0004 99.9 325 30.6 
94 2.0 .0002 100 335 33.8 



Table A-3, Qontinued 

• Vitro Column Data 

Cycle Vol, Assay, % Adsorp- Col Vol, Loading, * 
Jäa*_ -i_ s/fc tion ml 

95 2.1 .0002 100 360 32.5 

96 2.1 .0002 100 360 30.6 

97 2.2 .001 99.9 340 33.0 

98 2.2 .001 99.9 330 31.6 

99 2.2 .0003 100 355 27.2 

100 2.7 .0002 100 370 30.8 

101 2.7 .0002 100 370 29.6 

102 2.7 „0009 99.9 375 30.6 

103 2.7 .0001 100 325 29.7 

104 2.7 .0004 99.9 350 28.3 

105 2.7 .0004 99.9 395 30.6 

106 2.7 .0005 99.9 340 27.2 

107 2.7 .0002 100 370 26.3 

108 2.7 .003 99.5 335 30.2 

109 2.7 .0003 99.9 330 27.5 

110 2.7 .002 99.7 350 28.7 

111 2.7 .0007 99.9 345 30.4 

112 2.7 .0004 99.9 325 28.4 

113 2.7 „0007 99.9 340 32.0 

114 2.7 .0004 99.9 435 31.5 

115 2.7 .0002 J.00 330 32.2 

116 2.7 .0002 100 375 32.9 

117 2.7 .0002 100 350 31.2 

118 2.7 .0003 99.9 370 31.3 

119 2.7 .001 99.8 370 33.4 

120 2.7 .0004 99.9 395 32.2 

121 2„7 .0003 99.9 365 30.8 

122 2.7 .0005 99.9 400 33.2 

123 2.7 .002 99.7 370 32.4 

124 2.7 .0009 99.9 365 33.8 

125 2.7 .0005 99.9 350 —— 

126 2.7 .0004 99.9 350 31.3 

127 2.7 .0005 99.9 335 30.4 

128 2.7 .0006 99o9 405 27.1 

129 2.7 .0006 99.9 335 29.5 

130 2.7 .0004 99.9 345 29-4 

131 2.7 . 0004 99.9 355 29.5 

132 2.7 . 0006 99.9 360 29.6 

133 2.7 .001 99.8 355 30.0 

134 2c? »0006 99.9 370 29.6 

135 2.7 „0006 99.9 34" 29.9 

136 2.7 „0003 99.9 345 31.0 

137 2.7 „0007 99.9 365 29.1 

138 2.7 „0007 99.9 350 3.06 

139 2.7 .0004 99.9 380 30.4 

140 2.7 „001 99.8 340 26.7 

141 2.7 „001 99.8 340 29.2 
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Remarks 

New Head =0.59 l^Og, 0.041 Mo 

0.1 spot at 240 ml 

0.1 spot at 250 ml 
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Vol, Assay, % Adsorp- 

Table A-3. Continued 

Vitro Col umn Data 

Cycle Col Vol, Loading, 
No. L 

2.7 .001 
tion 
99.8 

ml e/L 
142 340 31.7 
143 2.7 oOOl 99.8 370 
144 2.7 .002 99.7 330 29.6 
145 2,7 o005 99.2 350 34.4 146 2.7 .004 99.3 350 30.1 
147 2.7 .008 98.7 375 30.2 
HB 2.7 .006 99.0 390 29.3 
149 2.7 .010 98.3 330 28.6 
150 2.7 .001 99.8 370 31.6 
151 ' 2.7 .0002 100 340 34.7 
1.52 2.7 .0001 100 455 35.7 
1?3 2.7 .0005 99.9 360 35.4 
154 2.7 - - 365 36.9 
155 2.7 .0002 100 370 34.2 
156 2.7 .0004 99.9 375 35.3 
157 2.7 .0006 99.9 350 33.1 
158 2.7 .0001 100 400 31.2 
159 2.7 .0003 99.9 345 29.6 
160 2.7 .0003 99.9 400 
161 2.7 .001 99.8 300 26.0 
162 2.7 .0006 99.9 340 29.4 
163 2.7 .003 99.5 440 27.0 
I64 2.7 .0007 99.9 330 26.9 
165 2.7 .0005 99.9 350 27.7 
166 2.7 .004 99.3 420 30.2 
167 207 .0009 99.8 330 33.6 
168 2.7 .0003 99.9 340 31.6 
169 2.7 .0005 99.9 385 33.0 
170 2.7 „0006 99.9 330 32.6 
17.1 2.7 „002 100 32„8 

Remarks 

Start clean up 

0.1 spot at 250 ml 

New head=0.58 U3O8,  0.038 Mo 


